Introduction. Massage is a physiotherapeutic treatment, commonly used in both therapy and restoration of normal body functions. The aim of this work was to determine the effects of skin massage on stimulating the expression of angiogenesis-initiating factors, i.e. VEGF-A, FGF-2 (bFGF) and CD34 and on skin regeneration processes. Material and methods. The study was conducted on 48 Buffalo strain rats, randomly divided into two groups. In the first group (M, the massaged group), massage was applied five times a week for 7 weeks. In the second study group (C, the control group), the massage was omitted. Massage consisted of spiral movements at the plantar surface of skin for 5 min on each rear extremity. The gene expression of proangiogenic factors, including VEGF-A, FGF-2, CD34 at the mRNA level was determined using real-time PCR. Immunohistochemistry was performed on paraffin sections of rat skin to determine VEGF-A, FGF-2 CD34 and Ki-67 expression.
Introduction
Massage has been used for a long time, as the integral part of physiotherapy, in prophylaxis, treatment, as well as in recovery of normal function of human body after its impairment. Effects of massage are based on the commonly accepted outcomes, such as, inter alia, an increase in blood flow in the skin and muscles, normalisation of the autonomous system functions, increased secretion of some hormones, e.g. endorphins or cortisol, and lowering of blood pressure. It is also commonly believed, that systematically applied skin massage increases skin regeneration ability by improving its elasticity and resilience [1] [2] [3] [4] .
So far, there are no reports on the possible effects of massage as a skin angiogenesis-initiating factor, i.e. on the formation of new capillaries from the existing www.fhc.viamedica.pl vascular network. Angiogenesis is a complex process that requires coordinated activity of a variety of vascular components: the division of endothelial cells, degradation of vascular basement membranes and the surrounding extracellular matrix, and endothelial cell migration. It is a multi-stage process regulated by many factors and it is the key element in wound healing and tissue regeneration [5, 6] . The most important angiogenesis-stimulating factors include the family of Vascular Endothelial Growth Factors (VEGFs), with VEGF-A being the strongest stimulator. The effect of VEGF on the target cells is possible because of the presence of its specific receptors (VEGFRs): VEGFR-1 (Flt-1, Fms-like tyrosine kinase 1) and VEGFR-2 (KDR, Kinase Domain Region), located, inter alia, on the vascular endothelial cells [6, 7] . The mechanisms of VEGF action in angiogenesis are multiple and can be seen on many levels. VEGF is an important chemoattractant, both for progenitor and mature endothelial cells. It induces proliferation, growth, and migration of endothelial cells and their spatial organisation during blood vessel formation. It also stimulates the expression of proteases engaged in extracellular matrix degradation [5, 6, 8] . Moreover, VEFG activates the expression of anti-apoptotic factors, and can, therefore, act as endothelial cells survival factor [5, 6] . Angiogenesis is also strongly stimulated by other growth factors, such as Basic Fibroblast Growth Factor (also known as bFGF or FGF-2), which is a ligand for the family of tyrosine kinase receptors, similarly to VEGF [8, 9] . FGF-2 increases the expression of angiopoietin-2, a potent regulator of vascular branching and angiogenesis, as well as VEGF in cultured human and endothelial cells [9] . FGFs can exert their angiogenic mechanism of action via paracrine signalling through their release by tumour and stromal cells or through their mobilization from the extracellular matrix (ECM). FGFs may also exert their effects through autocrine signalling in endothelial cells and stimulating the proliferation of new capillary endothelial cells. This induces a proangiogenic state that creates an environment favourable for vascular growth [9] .
It is also worth noting, that angiogenesis intensity in a tissue can be directly assessed by the evaluation of microvessel density (MVD). In turn, transmembrane glycoprotein CD34 -sialomucin -is one of the markers of progenitor endothelial cells, which regulates migration of cells during formation of new vessels. CD34 appears on the cell surface at the early stages of endothelial cells formation and is present during their differentiation [10, 11] . CD34 molecule is expressed on hematopoietic precursor cells, endothelial cells of small blood vessels, and cancer vessels. Therefore, its expression is associated with phenotype of primary vessels [12] [13] [14] .
Our earlier publications showed that massage of tendons and skeletal muscles in rats, applied during long-term, repeated, intensive physical activity, has stimulatory effect on angiogenesis within the massaged tissues [15, 16] . Those studies show reliable arguments for the application of massage in order to improve the function of tendons and skeletal muscles, both in prophylactic and therapeutic treatment, as well as an element of biological recovery in sportsmen. Since tendon or skeletal muscle massage always involves skin over the massaged body region we decided to investigate how rat skin massage will affect the expression of angiogenesis-initiating factors, i.e. VEGF-A, FGF-2 and CD34. The secondary goal was to determine the effect of skin massage on skin regeneration processes. This may be important especially for the determination of the objective effects of massage on the stimulation of regeneration processes occurring in the skin, particularly during ageing, as massage is commonly used as a mean of, among others, increasing skin blood circulation for its better nutrition. So far, however, there are no reliable scientific studies to confirm those opinions.
Materials and methods
Animals and experimental design. The experiment was conducted at the Animal Research section of the Department of Pathomorphology, Wroclaw Medical University, Wroclaw, Poland. The study was conducted on 48 Buffalo strain rats, all ten month-old, randomly divided into two groups (24 rats in each group), housed in identical conditions. The animals arrived 3 weeks before experiments to allow them to adapt to the new environment. They were housed six per cage with free access to food and water. The light schedule was a 12:12 h light-dark cycle and the ambient temperature was 20 ± 2°C. Massage consisted of spiral movements at the plantar surface of 1 cm 2 of skin for 5 min on each rear extremity [17] as shown in Figure 1 . During massage, the rats were held across the scapula and neck region in a hanging position. Control animals were handled in the same way as the experimental animals. In the first group (M, the massaged group), massage was applied five times a week for 7 weeks. In the second study group (C, the control group), the massage was omitted. In order to standardize the massage procedure, an algometer device (Digital Algometer Pain Diagnostic Gage, Wagner Instruments, Greenwich, CT, USA) of 0.5 cm 2 area with a constant compression power of 9.81 N (1 kg) was used.
Anaesthesia and sample collection. www.fhc.viamedica.pl subjected to anaesthesia using ketamine (10 mg/kg body weight) and sacrificed by decapitation. Tissue material for the study was sampled from 6 following rats from each experimental group at the end of weeks 1, 3, 5 and 7 of the experiment. Tissue samples collected from the skin of each rear extremity were fixed in 4% buffered formalin, dehydrated, and embedded in paraffin, as well as immediately immersed in liquid nitrogen and stored at -80°C. Paraffin sections were stained with haematoxylin and eosin (H&E) and assessed by a pathologist under a BX41 light microscope (Olympus, Tokyo, Japan), whereas the frozen tissues were used for real-time PCR.
Immunohistochemistry. Immunohistochemical (IHC) reactions were performed using Autostainer Link 48 (Dako, Glostrup, Denmark). For the IHC reactions, paraffin blocks were cut into 4 µm-thick paraffin sections and fixed on sialinized microscopic slides. Deparaffinization and antigen retrieval were performed using Target Retrieval Solution (Dako) at 97°C for 20 min in a PT Link Rinse Station (Dako). Subsequently, skin sections were washed in TBS/0.05% Tween and incubated with EnVision FLEX Peroxidase-Blocking Reagent (5 min at room temperature, RT). Then, the primary antibodies were applied for 20 min at RT. To detect VEGF-A expression, a mouse monoclonal antibody was used (1:200, Cat. No. M7273, Dako). The Ki-67 antigen was detected using mouse monoclonal antibody, clone MIB-5 (ready-to-use; RTU, Dako); CD34 was detected with mouse monoclonal antibody (Cat. No. IR632, RTU, Dako) and FGF-2 with rabbit polyclonal antibody, (1:200, Cat. No. sc-79, Santa Cruz Biotechnology, Dallas, TX, USA). The sections were then washed in TBS/0.05% Tween and EnVision FLEX/HRP secondary antibodies (Dako) were applied for 20 min at RT. The peroxidase substrate, 3, 3'-diaminobenzidine (DAB), was applied and the sections were incubated for 10 min at RT. Finally, the sections were counterstained with Mayer's haematoxylin, and mounted in the SUB-X Mounting Medium (Dako). The expression of Ki-67 was assessed using Quant Centre 2.0 (3D Histech). In the epidermis, Ki-67-positive cells manifesting nuclear colour reaction were compared with all other epidermal cells.
RNA isolation and real-time PCR. Total RNA was isolated from the tissue samples using RNeasy Fibrous Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. To eliminate genomic DNA contamination, on-column DNase digestion was performed using RNaseFree DNase Set (Qiagen). The quantity and purity of RNA samples were assessed by measuring the absorbance at 260 and 280 nm with NanoDrop1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). Reverse transcription reactions were performed with the use of High-Capacity cDNA Reverse Transcription kits (Applied Biosystems, Foster City, CA, USA). The expression of VEGF-A, CD34 and FGF-2 mRNA was determined by real-time PCR with the 7900 Fast-Real Time PCR System and iTag Universal Probes Supermix (Bio-Rad, Hercules, CA, USA) according to the manufacturer's protocol. GAPDH was used as reference gene. For the reactions, the following sets of primers and TaqMan probes were used: Rn01511601_m1 for VEGF-A, Rn00570809_m1 for FGF-2, Rn03416140_m1 for CD34 and Rn99999916_s1 for GAPDH (Applied Biosystems). All reactions were performed in triplicate under the following conditions: initial denaturation at 94ºC for 10 min and 40 cycles of denaturation at 94°C for 15 sec, followed by annealing and elongation at 60°C for 160 sec. The relative expression of VEGF-A, CD34 and FGF-2 mRNA (RQ) was calculated with the ∆∆Ct method.
Statistical analysis. Statistical analyses were carried out using Prism 5.0 (GraphPad, La Jolla, CA, USA). The differences between the groups were tested using one-way ANOVA analysis of variance with Tukey post hoc test. The Kolmogorov-Smirnov test was applied to each group of data to test for normality. The Spearman correlation test was conducted to analyse the existing relationships. Results were considered statistically significant at p < 0.05.
Results

Expression of angiogenesis-initiating factors, including VEGF-A, FGF-2, CD34 at the mRNA level
In the first week of the experiment in the massaged group of rats, an increase (p < 0.01, Fig. 2A ) in VEGF-A mRNA expression was found in comparison with the control group, in which constant level of ex- www.fhc.viamedica.pl pression was observed during the whole experiment. Slightly upward trend for VEGF-A remained also in the subsequent weeks of the experiment, and then, in the fifth week of the experiment, expression of mRNA for VEGF-A was at the level similar to that of the control group (Fig. 2A) . Similarly, the expression of FGF-2 at the mRNA level was higher (p < 0.05, Fig. 2B ) in the first week of the experiment in the massaged group than in the control group. An increase in FGF-2 mRNA expression remained at the same level in the subsequent weeks of the experiment, i.e. in weeks 3, 5 and 7. As shown in Figure 2C , increased expression of CD34 mRNA in the massaged group was observed in week 1, 5 and 7 relative to non-massaged animals (p < 0.001, p < 0.05, p < 0.01, respectively).
The statistical analysis revealed positive correlation between the expression of mRNA for VEGF-A, and for FGF-2 and CD34 (r = 0.5315, p < 0.0001, r = 0.4390, p < 0.0001, Fig. 3A, B) . A positive correlation was also noticed between the expression of FGF-2 mRNA and the expression of CD34 mRNA (r = 0.5875, p < 0.0001, Fig. 3C ).
Immunoreactivity of VEGF-A, FGF-2 and CD34 in the massaged skin of rats
The application of the IHC technique revealed in the skin of rats subjected to massage the presence of VEGF-A mainly in the cytoplasm of epidermal cells. Similar cellular localization was noticed for FGF-2. The immunoreactivity of CD34 was shown mainly in vascular endothelial cells (Fig. 4A, B, C) . Due to the small size of skin samples available for the IHC analysis, no quantification of the studied angiogenic factors was performed. The immunoreactivity of VEGF-A, FGF-2 and CD34 was at a much lower level in the skin of control rats relative to the skin of massaged rats. Their expression in the skin of control rats is presented in Figures 4E, F , G.
Evaluation of Ki-67 antigen expression
The expression of the Ki-67 proliferation antigen was found in the nuclei of epidermal cells, however, not in the skin proper (Fig. 4D) . The expression of Ki-67 in the control group is shown in Figure 4H . Positive IHC reaction showing nuclear expression of Ki-67 
Discussion
So far, we are not aware of any studies showing beneficial effects of the skin massage on the angiogenesis process within the massaged tissue. Therefore, it is important to study whether long-term skin massage provides improvement to the skin vascularisation and nutrition, which may contribute to the increase in skin regeneration and potential adaptation mechanisms. It is believed, that VEGF-A and FGF-2 are one of most important regulatory factors in the angiogenesis process [5, 6, 9] .
Our studies showed higher expression of VEGF-A mRNA in the skin samples of the massaged rats in comparison with the control, i.e. to the non-massaged animals. Moreover, we found increased expression of FGF-2 mRNA for and CD34 mRNA in the massage group relative to the control rats in which expression remained constant during whole experiment. The statistical analysis showed positive correlations between VEGF-A mRNA expression, and the expression of mRNA for FGF-2 and CD34, as well as significant positive correlation between the expression of mRNA for FGF-2 and CD34. Comparable results were obtained by Erba et al. [18] , who evaluated the effects of Vacuum Assisted Closure (VAC), as a form of mechanical skin deformation, on angiogenesis process. In the in vivo studies, in full-thickness wound obtained in dorsal region in mice, the increased density of CD31-marked blood vessels was shown [18] . It is in accordance with the trend observed in our studies, showing increased expression of the gene encoding CD34 in the massaged group of rats in comparison with the group which was not subjected to mechanical skin deformation (non-massaged group). Using Western blot technique, Erba et al. [18] also showed www.fhc.viamedica.pl elevated expression of dimeric form of VEGF-A in the VAC treated wounds relative to the occlusive dressing control wounds. However, during the evaluation of expression of proangiogenic factors (VEGF-A, HIF-1a, PDGF-BB, VEGF-R2) at the mRNA level, results slightly different than ours were obtained. In the analysed group of mouse, mRNA expression of VEGF-A, HIF-1a, PDGF-BB, VEGF-R2 showed a progressive increase over the observation time, whereby control wounds were associated with a 15 fold increased expression of HIF-1a and 5 fold increased expression of VEGF-A. The authors suggested, that it may be associated with the fact, that occlusive dressing control wounds showed generalized hypoxia, with associated accumulation of hypoxia-induced factor (HIF-1a) [18] . In turn, Xia et al. [19] analysed the effects of negative pressure wound therapy (NPWT), as a form of massage leading to the change in skin tension, on angiogenesis and regeneration in patients with a full-thickness infected wound. So far, there are only reports suggesting significant importance of NPWT in supporting the treatment of infected wounds; however, there are no data on the effects of NPWT on the process of proangiogenic factors stimulation.
Comparable to the results of our previous studies regarding the effect of massage on tendinous and muscle tissue in rats [15, 16] , Xia et al. [19] showed increased expression of VEGF-A, EGF and PDGF at the protein level in the group of patients subjected to NPWT in the third day following the use of this therapy, relative to the patients who were not subjected to NPWT. The authors suggested that NPWT, as one of the forms of physiotherapy, may affect the local expression of angiogenesis-associated growth factors, which is also in line with the tendency observed in our studies. On the other hand, Jacob et al. [20] , in a rodent full-thickness wound model, also showed elevated expression of two key angiogenesis stimulators (VEGF and FGF-2) at the protein level, following VAC therapy during first 5 days of the experiment. Additionally, using WB technique, increased expression of CD31 -a marker characteristic for blood vessels, was shown in the group of rats subjected to VAC therapy when compared with control wound covered only with an occlusive dressing. The obtained results clearly suggest the important effect of VAC therapy, as one of the forms of massage, on regeneration and angiogenesis processes, by, among others, increasing concentration of proangiogenic factors [20] .
Also noteworthy are studies on the impact of using extracorporeal shock-wave therapy (ESTW) on wound and lesions [21, 22] . Stojadinovic et al. [23] investigated the role of extracorporeal shock-wave therapy (ESWT) in early revascularization of full-thickness skin isografts in a murine model. Authors suggest that early pro-angiogenic and anti-inflammatory effects of ESWT promote tissue revascularization and wound healing by augmenting angiogenesis [23] . In another study, Kuo et al. [24] showed that treatment with an ESWT significantly enhanced diabetic wound healing in a rat model associated with increased neo-angiogenesis and tissue regeneration. Kuo et al. [24] in immunochistochemical studies showed increased expression of angiogenic parameters, including VEGF and proliferating cell nuclear antigen (PCNA) in the ESWT group, as compared with the control animals. These results showed that ESTW, as a form of physiotherapy, may induce angiogenesis, by stimulating the expression of proangiogenic markers, which is consistently in line with the conclusions drawn from our studies. Comparable results were obtained by Asadi et al. [25] , who made an attempt to evaluate expression of VEGF in in vivo studies in full-thickness wound model obtained by dorsal skin incision in rats subjected to electrical stimulation (ES). The authors showed higher expression of VEGF in the skin on the protein level (ELISA kit) in the seventh day of the experiment in the group of rats subjected to sensory ES (600 µA) in comparison with the control group. This may suggest beneficial effects of ES, as one of the forms of physiotherapy, on angiogenesis, promoting wound healing and skin regeneration processes [25] .
The obtained results are in line with our previous studies on the effect of massage of tendinous and skeletal muscle tissue on the angiogenesis process within massaged tissues [15, 16] . Those studies showed significant increase in the expression of mRNA for VEGF-A, CD34 and FGF-2 in the third week of the experiment in the group of rats subjected to tendon www.fhc.viamedica.pl massage simultaneously with running training, which may suggest synergistic impact of simultaneous massage and physical exercise on the expression of angiogenesis markers in rat tendons [15] . Analogically, gradual increase in VEGF-A mRNA expression was noticed also in case of skeletal muscle in the group massaged simultaneously with running training. This trend was maintained throughout the whole experiment and reached the statistical significance in relation to the control group of not massaged rats [16] . Those results allowed to assume that massage may contribute to processes of creation of new and development of already existing vascular networks in the skeletal muscle tissue and in rat tendons during increased exercise [15, 16] . Similarly, in our study we showed that massage, as a form of mechanical stimulation, may induce the expression of angiogenic factors in the massaged skin of rats.
Significantly higher immunoreactivity was also shown for Ki-67 proliferative antigen in epidermal cells in the massaged group of rats in comparison with the control group. Ki-67 is a cell-cycle-associated antigen, expressed in all parts of the cell cycle except in G0 and early G1, and therefore confined to the proliferative compartment of the epidermis. Ki-67 has proven to be of value as a marker of cell proliferation by recognizing the cell cycle-dependent expression of the Ki-67 non-histone nuclear antigen [26] . This suggests that skin massage may increase turnover rate of epidermal cells, which may be connected with an increase in regenerative capabilities and repair processes.
In summary, the obtained results may indicate beneficial effects of massage applied to the skin. The effect of mechanical stimulus in a form of massage on the skin increases expression of main angiogenesis-initiating factors within the massaged skin cells and induce their proliferation potential, which may indirectly create better conditions for regenerative processes.
